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2 MAIZE - THE PLANT AND ITS PARTS 

I> . Scott Pn^Thig 1 _ • t ! 

DepartineTil: of Agronomy : Curtis HmL 
Columbia, HO 6:^11 

one of Che greatest, deterrent. ' an appreciation of plant mon jogv is 
th , te^iinlocrv used to describe various plant parts. This piuolcm ^ 

"md"- Xl tr"and that flowers contain sepals petai*. _ pi>tns ^and ^-f^- 



Ds'of ^ a d two kinds of flowers in which glumes, lemmas ana P aiea> 
tSe the place' of sepals and petals. Fortunately, th.se parts are arranged 
S , relatively simple fashion so the task of mastering Tnaize morphology ib 
not\r 1 ^ 1 ttfi mtht seem. In this article we wUl identify son. or the 
most important parts of the maize plant and describe then >i^m aa^ 
More Kid descriptions of the development;,! -orphokyy of ™ure h ? w 
been provided by a number of investigators. Kiesselbacn (194 J, sprinted 
198?) rives a good general picture of maize structure and development^ .he 
external n?or P hologv and the histology of the vegetative and rep rodu 
Soots have been fiudied by Bonnett (134 8 1953) Shar^m (19^2) ana .bbe 
and co-workers (Abbe and Phinney. l9ol; Abbe et. al 19bl) \vhue tnc mus 
comprehensive description, of the embryogeny are those oi ^ Rando Iph (19.6) 
and Abbe and Stein (1954). A summary ot the histology oi the coin plant 
written by Sass in 1955, has been reprinted in the recent edinon ot Corn 
and__Cor n Inipro yejnent (1976). 

The organizat ion of the pla nt bo.dv/. Maize is a member of the grass 
family the ^Gramineae, and a P 5 in all -grasses, most of the plant body is leal 
tissue (Fie la) To appreciate the general organization oi the maize plant 
it is helpful therefore PP to see it in a leaf-less state (Fig. lb). Stripped 
naked, the maize plant is not very impressive Its mam stem, or cu±m ; ib a 
slender segmented shaft similar to a stalk of bamboo or sugarcane, lhe 
enlaced £n£ the stem, the nodes, mark the points of leaf attach- 

ment ; the stem segment between nodelTiT called the ^rnode. Each node 
Sears a single leaf "in a position opposite that of the neighboring leaf giving 
the Plant two vertical rows of leaves in a single plane (fig. la, £) ■ ims 
so-caned distichous phyllotaxy is typical of all leaf-like appendage,, 
wherever they occur on the plant. 

Maize has unisexual, rather than bisexual flowers. Male (stammate) 
flowers are located at the apical tip of the main stem m the .£i£^> * 
branched inflorescence. Female (pistillate) flowers are found in one to 
several compact ears, located on the ends of short branches near the middle 
of the stem (Fig. lb; 2). 

This partitioning of male and female flowers in separate structures 
distinguishes maize from other cereals and is one of the principal reasons 
Sat its -enetics has been so conveniently explored. Making controlled 
Sons I iSze requires little more effort than that involved mpUcmg 
a bag over the tassel and ear shoot. To perform a controlled pollination in 
rice wheat barley and other cereals, it is necessary to emasculate each 
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flower used as a female parent, an especially tedious job when each flower 

vieids only one seed. 



B 



4- :f; V^- X 



/ L'-A^^h'-i^h iQ4qi h) Mature maize 

Figure 1. a) Mature -ai« plant » ^-^^U^. The apical 
plant drawn without leaves, an ° m the tassel , whi i e the 

^ «"cra^T h e „ shoo, 
arises from an internode near the center of the culm. 

, aiz e also defers from c^sely related species to that K 
few branches Only the lower 10 suppressed. Above-ground 

branch primordia, and most of these remain s pp ranean 
primordia develop into ear shoots W ^rTr- a l in structure to the main stem, 
nodes develop into tilters--br-anches ^^"^^^^^^r^ery little, and 
Commercial hybrids ^^\^\^^ t een Z content . soaTe "varieties" 
S iC nave P s r e°vS ^r,td?.,>e, ^ ^ on the main stem and 
some ears on tillers. 

^ rv^ four w^ks after germination, the growing 
Th^tem: Dunng the first Jur *ee k S of the plant and 

point of the stem lays down all the : nodes an fonnation the stem is 

Sr^Ta?^^:.^-^ *ou*h the pi** may be 3-4 feet m 
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heiarht (Fig. 3). Subsequently, the stem begins to elongate rapidly , with 
m o?t of th? growth occurring at the base of the internodes The lowermost 

6-8 internodes do not participate in this growth, however, and remain below 
., r ,, un .-1 whe-e thov produce the root systrr. and tillers. These subterranean 

f V.. r , r ,.r-,r r .-'»• rr:v:nr<1s l".v-'f the ■'■ v.. . tcrnm- nstincli', -r 

region . trie crown Krig. ib.;. - n-- • ■ — ^ ';, V ' '" , ' f ,./ n . 

ground, and tapers gradually towards the tassel All the ^ to mode t# 
the top ear downward have a distinct groove associated with the axillary bu. 
at "the base of 'he internodes : intern, -'es above the ear lack axillary bud.- 
and are smoothly cylindrical. 



, V' { primary 




Figure 2. The major parts of the maize plant. Drawings ; in part from P. 

Weatherwax in Corn and Com Improvement, 195s, and fc. u. 
Styles et al. in Can. J. Genet. Cytol. 15:59, 1973; figure 



assembled by M. M. Johri and E. H. Coe. 
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em in being relatively short ir, most strains, m . -.n 

,f shank are vann. m inii^i^i . 1 ■ ; ' Uu!i ir - »*- l v- 



" !less fertilisation of tne apical ear ib pr-vent-d 



commer 



ercia! strains urn 




Future 3. A four week old plant (approximately 3 feet tall) in which the 
g stem apex has differentiated into a tassel. As shown on the 

right, the stem is still relatively short at this stage. 

The tassel- The tassel, located at the top of the culm, consists of a 
fiPrier^He branches ( spikes ) covered with numerous, small flower- 
ISs (Skts'V 2) Each branch point on a spike bears 
two Pikelet" one TTlig st£n (pedicellate) , the other on a short stem 
(sessife? f4- 4*>. Each of these Spikelets. in turn, produces two fun c- 
tES^lorets Although tassel florets contain both stamens and a pistil the 
Sm normally degenf rates soon after it is initiated, making the f ore 
KnctionauTmale However, pistDs will develop at the base of the tassel 
under Sie environmental and physiological conditions, and are quite 
common on tillers . 
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Figure 4. Schematic drawing: of a pair of tassel spikelets (A) and a pair of 
ear spikelets (B). Note that the lower floret in the ear spikelet 
aborts early in development, p.s. - pedicellate spikelet; s.s. - 
sessile spikelet; gl - glumes; le - lemma, pa - palea; fl - floret. 

Surrounding both florets on a spikelet are 2 leaf-like scales called 
glumes (Fi£. 2;^4a). Within the glumes, each floret is individually enclosed 
in ~another"pair of scales, one located adjacent to the glume (the lemma), the 
other located between the two florets (the palea ) (Fig-. 4a). At an thesis, 
these scales are forced apart by the swelling of conical structures 
(lodicules) at the bas& of the 3 stamens, and the filamentous base of the 
stamens elongates, forcing: the anthers out of the flower {Fig. 2), As they 
dangle downwards, the anthers shed pollen from openings at their tip. 

Pollen grains are the multicellular products of the haploid microspores 
that result from the meiosis of a microspore mother cell (microsporocyte) . 
Meiosis takes place in the anther before the tassel emerges from the leaf 
sheaths. After meiosis, the 4 resulting haploid microspores separate from 
each other, and each forms a thick wall. Shortly before shedding, each 
microspore undergoes two mitotic divisions. The first division is asymmetric, 
and produces a relatively large vegetative cell and a smaller generative cell. 
In the second division, the generative cell divides to form two sperm cells. 

The ear: The ear is morphologically similar to the tassel, although this 
resemblance is obscured by differences in the relative si2e of their parts. 
The crucial difference between them is, of course, that the tassel contains 
male flowers, and the ear bears female ones. This difference is due simply 
to the fact that during the formation of an ear floret, stamen prunordia are 
arrested at an early stage in their development, while the pistil develops 
fully. Each functional ear floret has a single ovary , which terminates in an 
elongated style, or silk (Fig. 5). Within the ovary is a single embryo sac. 
The embryo sac is the product of one of the four haploid cells resulting from 
the meiosis of the megaspore mother cell. While its three sister cells de- 
generate, the nucleus of this cell divides three times to produce 3 haploid 
nuclei within a common cytoplasm (the embryo sac). Two of these nuclei 
( polar nuclei ) migrate to the center of the embryo sac where they become 
closely associated. The three nuclei remaining at the base of the embryo sac 
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subsequently undergo cellularization to form the egg cell and two synergids , 
while the 3 nuclei at the tip of the embryo sac proliferate to form 24-48 

a ntipodal cells . 




Figure 5. Radial longitudinal section of an ovary with an unfertilised 
embryo sac (after Randolph, 1936)- Upon fertilization, the 
nucellus is digested by the expanding embryo sac and the tissue 
surrounding the nucellus is transformed into the pericarp . si - 
silk; e,s. - embryo sac; nu - nucellus, in - integuments. 

The ear also differs from the tassel in that it has no major lateral 
branches* Its thick, lignified axis, the cob, is homolog-ous to the central 
spike of the tassel. As in the tassel, ear spikelets come in pairs , but in 
the ear they are equal in size and only one of the florets in each spikelet is 
functional (Fig, 4b), An ear therefore has an even number of parallel rows 
of equally sized kernels equal to the number of spikelets on the cob. The 
number of rows (or ranks) of kernels ranges from 4 to 30. 

The glumes, lemmas and paleas of the ear spikelets are readily visible 
in an unfertilized ear, but are soon obscured by the enlargement of the 
ovary after fertilization. In a mature ear these structures are represented 
by the chaff that adheres to the cob and the base of the kernel after it is 
shelled . 

The leaf : Maize produces three kinds of vegetative leaves: foliar 
leaves , husk leaves and prophylls . A foliar leaf is located at each of the 
nodes on the main stem, husk leaves are located on the shank of the ear 
shoot, and prophylls are found at the base of the shank between the ear 
shoot and the stem (Fig. 2). 
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The foliar leaf has two distinct parts— the blade, a flat portion ex- 
tending away from the stem, and the sheath, a basal part that wraps tightly 
around Lhe stem (Fig. 2). Internally, the blade consists of a spongy 
'V-t'.vork of Co lis traversed hv a. series of parallel, longitudinal veins. Tnu": 
'•v • i -. i r r.'-,i v- n n r„^tr..-i >,<- ;b,. u .id-\h. .a t rv r k '-n ^ ! . TrrVir-':! "'ni^- 
ture located in lhe center ol ih« leaf. J'nr .• ::< it.:; is tnicr.cr :mJ '•• • ri^i- 
than the blade, possesses fewer longitudinal veins, and lacks a prominent 
midrib. The sheath completely encircles the internode above the node to 
which it is attached and may extend the entire length of that internode 
During the early development of the plant, the leaf sheaths provide most oi 
the mechanical support necessary to keep the stem upright. At the bound- 
ary between the blade and the sheath there is a distinct hinge of translucent 
tissue In this region the leaf blade and leaf sheath narrow snarply . 
forniviv-; a', rrl.-rt at :< r - the lerif margin. The wedge .v" •rr.-.h;.—/ tissue 
adjacent to this mdentation is known as the auricle . The li^ute is the mm 
collar of filmy tissue located on the inside of the hinge. 

The husk leaves surrounding- the ear are usually considered modified 
leaf sheaths, with vestiges of the blade portions occasionally present In 
some strains husk leaves develop a prominent ligule and leaf blade. Tn 
contrast to the leaf sheath, husk leaves are relatively thin and flat. Each 
husk leaf is attached to a unique node on the shank, and all but a few 
upper ones are arranged distichously . 

Located between an ear shoot and the stem, the prophyll looks super- 
ficially like a husk leaf, but is distinguished by having; two keels (midribs) 
and a split apex. These features suggest that the prophyll arose evolu- 
tionarily from the fusion of two foliar leaves. The homology of the prophyll 
is still controversial, however. Galinat (1959), for example, considers the 
prophyll one of the basic units of maize morphology, the others being the 
internode, leaf and axillary bud. 

The roof More is known about the growth, cell biology, physiology 
and anatomv of the primary maize root, or ra dicle , than perhaps any other- 
organ of the plant. Its histological structure, described by bass (19 <6) and 
Ki^sselbach (1949). is typical of roots in general. The apex of the root is 
sheathed in a loose network of root cap cells. Immediately behind the apex 
is a zone of cell division and elongation, beyond which root hairs are 
initiated- Larger lateral roots arise at varying points behind the zone ol 
root hair formation. Cell division is restricted to the apical 3 mm of the 
root, and occurs at a maximal rate 1.25 mm behind the apex. The zone ol 
elongation extends 8 mm behind the apex, the rate of elongation being 
maximal 4 mm from the tip (Erickson and Sax, 1956). Those interested in 
using the root for physiological or cell cycle studies should consult Silk and 
Erickson (1979; 1980) and Green (1976) for an analysis of the growth para- 
meters that must be taken into consideration in such studies. 

The primary root represents the basal end of the plant axis, which in 
maize and other grasses contributes relatively little to the ultimate root 
system (compare Fig. la and b). Most of the root system consists of 
adventitious roots produced by the basal-most internodes of the stem, lhe 
primordia of a few adventitious roots are normally present in the embryo, 
and these emerge soon after germination. New root primordia are subse- 
quently initiated at the base of all subterranean internodes, and also appear 
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a t 9 or 3 above-ground interludes after the stem has elongated Sub- 
?erranean advenStfous roots are sometimes called gro wn root s, whole those 
initiated above ground are known as brace roots. 



; \ -'-.'•-•n r i r i>: -l 1 roots r row 
dowiiwarn.-, . As a i'«un, iu 



reeion a 6-8 feet'in dimeter, while the depth of the root system may be as 
much as 6 feet As it grows, the root branches profusely m the region 
Eehid the apex, forming both secondary roots and unicellular root h,^ 
The total length of root system of a mature plant has been equated tu be o 
miles . 

The kernel: The events surrounding the process of fertilization have 
, . n bribed bv Miller (1919>, KiesselUnch (1549) ana P^hler u^; 
unfortunately, ultYasiru; -Tural information .bout tmi pn-n, ,r.on a- -r... 
unavailable . 

The silk is receptive to pollen along its entire lengthy Within 5 ™^es 
after a pollen grain lands on a sill? it sends out a tube which penetrate he 
sUk and grows downward towards the ovary. Dunng this process the 
v^etaSve Nucleus and the two sperm cells migrate to the tip of the poUen 
tube where they remain throughout its growth. Upon reaching the embryo 
sac 12 to 24 hours after germination, the end of the pollen tube bursts, 
releasing the two sperm. One sperm nucleus fuses with the two polar nuclei 
L the center of the embryo sac to form a triploid cell that gives rise to he 
fndosper^ The other sperm nucleus fuses with the egg nucleus to form the 
zygo e P As often as 2% of the time the polar nuclei and the egg nucleus . are 
SrV~d by sperm from different pollen grains, with the extra sperm naulei 
kinT Somehow lost (Sarkar and Coe, 1971). This phenomenon caned 
^Srof utilization , can lead to a non-correspondence between the genotype of 
the endosperm and embryo when the male parent is heterozygous. 

The development of the kernel following fertilteation has been described 
in detail by Randolph (1936). We will only note here that this process takes 
S-5 days and is accompanied by a 1400-fold increase in the volume of the 
embryo sac The growth of the embryo and the accumulation ot food 
"ISest the idolpenn is completed by about day 40 , and the remaining 
10-20 days is spent maturing and drying. 

A mature kernel has three major parts: the pericarp, endosperm and 
embryo *Fig 6). The pericarp, the tough transparent outer layer of the 
g^eT is derived from the ovary wall and is therefore generally >denucal 
to me maternal parent. The endosperm and embryo represent the next 
generation . 

The endosperm makes up about 85% of the weight of the kernel and is 
the food sourc? for the embryo for several days after * gen^ty. T h s 
food takes the form of intracellular starch grains and protein bodies and is 
contentrSed to Taking degrees in different parts of the endosperm 
Suv*k 1961) In flL-type kernels the concentration of starch and 
?S bo££ is higher around the periphery of the endosperm ^an in the 
center giving the endosperm a hard, corneous external layer, ^ a soft, 
granular Center. In denf kernels, the ™* u * 

of the endosperm so that it collapses upon drying and produces a distinct 
£dentat?on. These two traits are polygenic in their inherence and are 
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characteristic of specific races of maize. Other common endosperm traits, 
such as sugary, floury or shrunken, are single gene mutations and can exist 
in either a flint or dent background. 




Figure 6, Longitudinal sectors of a mature dent kernel, taken perpen- 
dicular (left) and parallel (right) to the upper face of the kernel 
(after Kiesselbach, 1949). pe - pericarp; en - endosperm; al - 
aleurone; sc - scutellum: a> ~ coleoptile; pi - plumule; ra - 
radicle; cr - coleorhiza. 

Much of our understanding; of gene action in maize is based on the 
analysis of genes affecting the pigmentation of the external layer of the 
endosperm, the aleurone . This specialized single cell layer is the only part 
of the endosperm capable of becoming intensely pigmented . Internal endo- 
sperm cells may be either yellow or white. 

The embryo is located on the broad side of the kernel facing the upper 
end of the ear, beneath a thin layer of endosperm cells. Most of the tissue 
in the embryo is part of the scutellum, a spade-like structure concerned 
with digesting and transmitting to the germinating seedling the nutrients 
stored in the endosperm. The shoot and root axis are recessed in the outer 
face of the scutellum. In a mature kernel, the shoot (p lumule ) has 5 to 6 
leaf primordia that are arrested at successive stages of development (Abbe 
and Stein, 1954). Surrounding the shoot is a cylindrical structure called 
the coleoptile . Upon germination, the coleoptile elongates until it is above 
ground and is then ruptured by the more rapid expansion of the rolled 
leaves within it. The root is enclosed in a sheath of tissue called the 
coleorhiza . Unlike the coleoptile, the coleorhiza does not elongate very 
much, and gives way to the radicle as soon as it emerges from the seed. 
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